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SAFETY EFFECT OF TMETIC CONTROL 

SIGNAL INSTALLATION 

1. INTRODUCTION 

T r a f f i c  s igna l  control. is t h e  most c-on type of control  used at  heavily 

t rsveled i n t e r s e c t i o n s  i n  urban a r e a s .  The l i t e r a t u r e  def i n e s  a t r a f f i c  

control  s igna l  aa any p a r e r o p e r a t e d  t r a f f i c  control  device. whether manually, 

e l e c t r i c a l l y .  o r  mechan ica l ly  o p e r a t e d .  by which t r a f f i c  i s  a l t e r n a t e l y  

d i rec ted  t o  s top and permitted t o  proceed (1). 

I t  w a s  reported t h a t  the world's f i r s t  t r a f f i c  s ignal  using colored l i g h t  

was i n e t a l l e d  i n  1868. a t  t h e  i n t e r s e c t i o n  of George and Bridge S t r e e t s  i n  

London. England ( 21 .  A t  t h e  b e g i n n i n g  of t h e  193OVs  e f i r e t  a t t e m p t  a t  

v e h i c u l a r  c o n t r o l  of e i g n a l s  was made i n  t h e  Uni ted S t a t e s  by p l a c i n g  

microphones a t  t h e  s ide  of t h e  road and r e q u e s t i n g  d r i v e r s  t o  sound t h e i r  

horns. 

Over t h e  y e a r s .  t r a f f i c  c o n t r o l  r i g n a l  development has  e x p e r i e n c e d  

drcrmatic changes. The advent of computer technology. s o l i d  s t a t e  e lect ronics .  

and the  micro-chip i n d w t z y  haa r e r u l  tad i n  manufacturing f l e x i b l e  equipment 

t o  permit the  implementation of v i r t u a l l y  any conceivable control  s t r a t e g y  and 

r e l i a b i l i t y  t o  operate under e x t r g e  condition8 with no mal func t ion ing .  The 

e l e c t r o n i c  i n d u e t  ry ha8 a l s o  w i tnesaed equivalent advancements i n  vehicular  

de tec t ion  and d a t a  t r a n n i s r i o n .  In  t h e  are8 of vehicular  detection.  s t a t e  of 

t h e  a r t  i n d u c t i v e  loop  d e t e c t o r s  a r e  being wed. Am f o r  da ta  tranmmieeion. 

f i b e r  opt ica  have been uaed i n  l a r g e  s c a l e  n i g n a l  c o n t r o l  sys tems  i n  t h i s  

country. 

A g r e a t  d e a l  of r e s e a r c h  baa been c a r r i e d  o u t  t o  h e l p  t h e  t r a t f i c  

e n g i n e e r  i n  d e s i g n i n g  s u i t a b l e  t r a f f i c - r igna l  rchemes and i n  r a t t i n g  s igna l s  

t o  minimize d e l a y s .  Much p r a c t i c a l  e x p e r i e n c e  ha8 a l s o  been g a i n e d  by 

e n g i n e e r s  w o r k i n g  i n  t h e  f i e l d  o v e r  t h e  l a s t  f o r t y  y e a r s  o r  s o .  

Unfortunately. a f t e r  a l l  these y e a r s  of u rper ience  and c o u n t l e a r  e v a l u a t i o n  

s t u d i e r .  i t  is  n o t  c l e a r  what its u f e t y  impact in.  It is true and l o g i c a l  

t h a t  r igna l  i n a t a l l a t i o n  increarea  r e a r e n d  a c c i d e n t s  and decreases r i g h t -  

a n g l e  a c c i d e n t s .  a f i n d i n g  t h a t  u u  reached by all p r w i o w  inver t igat iona.  

Harwcr. the  overa l l  effectiveneaa of r igna l  i a a t a l l a t i o n r  and t h e i r  t imings  

would appear  t o  depend on some other  fac to r r .  Such f a c t o r r  a r e  i n t e r r e c t i o n s  



capacity,  v e h i c u l a r  d e l a y s .  v e h i c u l a r  f u e l  consumpt i o n s ,  and s i g n a l  c o a t  

i n s t a l l a t i o n  and maintenance. 

This report  at tempts t o  p r w i d e  a  more comprehensive  t r e a t m e n t  of t h e  

s u b j e c t  than what h a s  a l r e a d y  been p u b l i s h e d  p r e v i o u s l y .  It c o n t a i n 8  a  

thorough l i t e r a t u r e  r e s e a r c h ,  b r i e f l y  h i g h l i g h t s  t h e  major  f i n d i n g s  of  

p r e v i o u s  e f f o r t s ,  and f i n a l l y  recommends a  work p l a n  f o r  f u r t h e r  research 

needed i n  t h i s  area. 

2.  RESEARCX aJECTIVES 

The ob jec t ive  of t h i s  study is t o  prepare a  s ta te-of- the-ar t  r e p o r t  and 

develop a  reeearch work plan f o r  any recomaended research. 

The following tasks  were performed: 

1. C r i t i c a l l y  review a l l  a v a i l a b l e  s t u d i e s  on t h e  s a f e t y  e f f e c t  of 

t r a f f i c  aignal  i n s t a l l a t i o n ,  t o  e x t r a c t  w e f u l  relevant information, 

and t o  i d e n t i f y  those s t u d i e s  which might p r w i d e  w e f u l  data.  

2. Prepare and submit a  s ta te-of- the-ar t  r e p o r t  on s a f e t y  e f f e c t s  of 

t r a f f i c  s ignal  i n s t a l l a t i o n  v h c h  a t  minimum address the  following: 

a) D a t a  n e e d e  and  t h e i r  r e q u i r e d  f o r m a t  a t  v a r i e t y  o f  

i n t e r s e c t i o n s  and t y p e s  of t r a f f i c  s i g n a l  a r rangements  t o  

analyze the  t r a f f i c  s igna l  ef f  ec t s .  

b) E v a l u a t i o n  of p o a i t i v e  and n e g a t i v e  e f f e c t s  of a  v a r i e t y  of 

t r a f f i c  s igna l  systems an the accident  h i s to ry .  

c)  E v a l u a t i o n  of t h e  pedes t r i an  s a f e t y  due t o  d i f f e r e n t  types of 

i n t e r s e c t i o n  s igna l i za t ion .  

dl Economic a s p e c t s  of  traff! .~ s i g n a l  i n a t a l l a t i o n  ae r e l a t e d  t o  

t r a f f i c  flow sa fe ty ,  capac.;ty, and delap. 

3. Develop a  d e t u i l c d  work p1p.n f o r  any recommended r e s e a r c h .  and 

e s t a b l i s h  the ant i c i p a t e a  proj  a c t  dura t ion and est imated budget. 

Warranted and p r ~ p e r l y  designed t r a f f i c  c o n t r o l  s i g n a l s  may reduce  t h e  

f requency  of c e r t a i n  t y p e s  of a c c i d e n t s  (r ight-angle type),  a f f e c t  order ly  

t r a f f i c  movement, p r w i d e  f o r  continuous f l w  of platoon of  v e h i c l e s  a l o n g  a  

r o u t e ,  a l l -  pe<est r ians  t o  c r o s s  a  hemp t r a f f i c  stream, and control  t r a f f i c  

more economicaLly than by mu1 methods. Oa t h e  o t h e r  hand, unwar ran ted ,  

irnpr o p e r  l y  o p e r a t e d  t r a f f i c  s i g n a l s  m a y  c a w e  increased accident frequency, 



excessive delay, disregard of s ignal  i n d i c a t i o n s ,  and c i r c u i t o u s  t r a v e l  on 

a l te rna te  routes. 

Traff ic  signals,  i n  general, impact the safety and the  e f f e c t i v e n e s s  of 

t r a f f i c  flow on f a c i l i t i e s .  The saf  e ty  aspect can be measured by accident 

ra te  c lass i f ied  by type of accidents and accident s eve r i t y .  Experience has 

i nd ica t ed  t h a t  a1 though the ins ta l la t ion  of signals may resul t  i n  a decrease 

in  the number of right-angle accidentr, i t  w i l l ,  in  most cases ,  r e s u l t  i n  an 

inc rease  i n  rear-end acc iden t s  with the to ta l  number of accidents remaining 

essent ial ly  unchanged. The severi ty  of acc iden t s  i s  more apparent a t  high 

speed i n t e r s e c t i o n  approachea, S tudies  have ehawn t h a t  by us ing  s i g n a l  

a c t i v a t e d  c o n t r o l l e r 8  wi th  advanced d e t e c t i o n  systems on the  high speed 

f a c i l i t y .  t h e  number and the  severity of accident are  usually reduced. The 

idea behind t h i s  aystesn is t o  detect  the location of the approaching v e h i c l e s  

immediately be fo re  the s i g n a l  turns to  amber. and extend the green phase a s  

needed. By doing so, t he  p r o b a b i l i t y  of rear-end acc iden t s  is decreased,  

however. delay t o  vehicle8 waiting on opposing phases is increased. Detailed 

i n f o m a t i o n  regarding these  s t u d i e s  w i l l  be  d iscussed  i n  t h e  l i t e r a t u r e  

research section of the report. 

Ao f a r  rs the e f f ec t ivenese  of t r a f f i c  flow i s  concerned. i n s t a l l i n g  

t r a f f i c  s i g n a l s  a f f e c t s  t r a f f i c  delay and intersect ion capacity. Numerous 

s tudies  have attempted to develop warrants based on t r a f f i c  de lay  only. The 

idea  is  t o  determine the  minim= vehicular volumer on main and s ide  s t r e e t s  

needed t o  produce equal average delay per  v e h i c l e  f o r  s top-cont ro l led  and 

s igna l -  cont ro l  led inter8ections. I n  other words, i t  is the minimum vehicular 

volume that w i l l  caumr the r a m  merage  de lay  per  v e h i c l e  t o  w i t c h  from a 

hrolroy stop control t o  a t r a f f i c  8ign.l control. 

The i n s t a l l a t i o n  of s igna ls  m . p  not only i n c r e u e  w e r a l l  delap, but a l so  

reduce in te rsec t ion  capacity. Therefore. is i t  important tha t  an experienced 

engineer should conduct a thorough s tudy of t r a f f i c  and roadway cond i t i ons  

be fo re  cons ider ing  i n s t a l l i n g  a s i g n a l  and select ing the needed qu ip ren t .  

The signal should be i n s t a l l e d  only i f  the  ne t  e f f e c t .  ba lanc ing  b e n e f i t 6  

veraw costs, is t o  the public 'r  advantage. 

It i r  apparent  t h a t  a a y s t e r  of e a t n b l i r h i n g  the  need f o r  a s i g n a l  

i n s t a l l a t i on  a t  a par t icu lar  location i8 necesmary. Such a s y s t r  is knam 88 

signal warrants. The Manual on Uniform Traf f ic  Control Device8 ( 3 )  provides  

eleven warran ts  t o  determine the need8 f o r  t r a f f i c  control signals. Four of 



these warrants a r e  volume r e l a t e d .  two a r e  s i g n a l  sys tems  r e l a t e d .  ane  i s  

accident re1 ated. one is pedest r ian  related.  one school cross ing re la t ion .  one 

is delay re la ted.  and one is a combination of warrants. 

S e v e r a l  t y p e  of t r a f f i c  s igna l  c o n t r o l l e r s  a r e  ava i l ab le  t o  the t r a f f i c  

engineer. The se lec t ion  of t h e  p r o p e r  type  f o r  a p a r t i c u l a r  i n t e r s e c t i o n  

depends on t h e  geomet r ic  l a y o u t .  the nature  of approaching t r a f f i c ,  and the 

s p a t i a l  r e la t ionsh ip  with adjacent i n t e r s e c t i o n s  (4) . The most common1 y used 

t y p e s  of c o n t r o l l e r s  are:  pretimed. semiactuated. f u l l y  actuated. and master 

con t ro l l e r s .  

A p re t imed  c o n t r o l l e r  o p e r a t e s  a c c o r d i n g  t o  f ixed timing plans. Time 

plans include cycle length. phase sequence and durations.  It is u s u a l l y  used 

where t h e r e  a r e  p r e d i c t a b l e  and s t a b l e  t r a f f i c  volumes o r  i n  a coordinated 

interconnected system. Where t r a f f i c  vollnnes f l u c t u a t e  wide ly  by c y c l e  and 

t i m e  of t h e  day. a c t u a t e d  c o n t r o l l e r s  a r e  moat u s e f u l .  A s e m i a c t u a t e d  

c o n t r o l l e r  provides a continuous green ind ica t ion  on t h e  major  s t r e e t  excep t  

when demands o c c u r s  on t h e  minor s t r e e t .  Therefore. de tec to rs  a r e  placed on 

the minor s t r e e t  (vehicular de tec to rs  o r  p e d e s t r i a n s  p u s h b u t t o n s )  . A f u l l y  

a c t u a t e d  c o n t r o l l e r  pemits t h e  adjustment of t h e  var ious  green i n t e r v a l s  on 

the  b a s i s  of t r a f f i c  voluaes, i n  which v e h i c l e  d e t e c t o r s  a r e  p laced  on a l l  

i n t e r s e c t i o n  approaches .  For  c o n t r o l l e r  u n i t s  c o n t r o l l i n g  more than two 

t r a f f i c  phase. the  un i t  can o a i t  o r  sk ip  w a n t e d  phases. A t r a f f i c  a c t u a t e d  

c o n t r o l l e r  of t h e  volume-density type p r w i d e s  a d d i t i o n a l  f e a t u r e s  t h a t  

provide b e t t e r  syetem eff ic iency in terms of fever  delays and more throughput. 

A m a s t e r  c o n t r o l l e r  u n i t  i s  used t o  s u p e m i s e  and c o o r d i n a t e  t h e  

o p e r a t i o n  of one o r  more i n t e r s e c t i o n  c o n t r o l l e r  u n i t s  i n  a u y e t e a .  A 

c o m m u n i c a t i o n  medium is  r e q u i r e d  t o  r e c e i v e  t r a f f i c  d a t a  from sampling 

d e t e c t o r s  and t o  t r a n s m i t  a u p e r o i s o r y  and c o o r d i n a t i o n  c o r n a n d s  t o  t h e  

i n t e r s e c t i o n  c o n t r o l l e r  uni ta .  T r a f f i c  responaive masters e r e  more f l e x i b l e  

i n  t h a t  system pa t t e rn  changes are i n i t i a t e d  by changes i n  t r a f f i c  f l w  r a t h e r  

than on a time baeia. 

4. LITERATURE REVIEW 

T h i s  s e c t i o n  i8 d i v i d e d  i n t o  f i v e  major  s e c t i o n # .  The f i r r t  sec t ion  

repor t s  on t h e  vehicular  aa fe ty  aspects  of s i g n a l  i n s t a l l a t i o n .  The second 

s e c t i o n  is aimed a t  pedestrian sa fe ty  a t  s ignal ized in te r sec t ions .  The t h i r d  

sec t ion  a d d r e s s e s  t h e  i s a u e s  of d e l a y ,  f u e l  consumption and c a p a c i t y  f o r  



s i g n a l i z e d  i n t e r s e c t i o n s ,  and the four th  sec t ion  is aimed a t  the economics of 

i n s t a l l i n g  s igna l s .  The f i f t h  sect ion reviews t h e  i n t e r n a t i o n a l  e x p e r i e n c e  

with s igna l  installations. 

The f i r s t  s e c t i o n  i s  d i v i d e d  i n t o  f o u r  e u b s e c t i o n s  t o  s p e c i f i c a l l y  

a d d r e s s  a c c i d e n t  s t a t i s t i c s  a s  reported i n  the  l i t e r a t u r e  for :  1)  accident 

type and accident  sever i ty ;  2) s top con t ro l l ed  i n t e r s e c t i o n s  and s i g n a l i z e d  

in te raec t ione ;  3)  a r t e r i a l s  and apressslaya;  4) s igna l  control  types. 

4.1 Vehicular Safety: 

4.1.1 Accident S t a t i s t i c s  by Type and Sever i ty  

The i n t e n t i o n  of t h i s  s e c t i o n  is  t o  p r o v i d e  t h e  r e a d e r  w i t h  a c c i d e n t  

a t a t i s t i c s  r e l a t e d  t o  t y p e  ( rear-end.  r i g h t - a n g l e ,  s ide-swipe,  e t c . )  and 

re la ted  t o  sever i ty  (property damage, personal  injury.  and f a t a l i t i e s ) .  

An e a r l y  study attempted t o  quan t i fy  a rea  wide impact of t r a f f i c  control  

d e v i c e s  i n  t h e  P h i l a d e l p h i a  a r e a  ( 5 ) .  Table  1 documents p e r c e n t a g e &  of 

a c c i d e n t s  f o r  two-way s t o p s .  f  our-way s t o p s .  and s igna l i zed  i n t e r s e c t i o n s  

c ross -c lass i f i ed  by accident sever i ty ,  and accident type. Cloeer examina t ion  

of t h i s  t a b l e  r e v e a l s  t h a t  f o r  t h e s e  s e l e c t e d  l o c a t i o n s  i n  Philadelphia.  

property damage represented t h e  highest  s e v e r i t y  c l a s s  p e r c e n t a g e ,  and t h a t  

p e d e s t r i a n  a c c i d e n t s  r e p r e s e n t e d  a  c o n s t a n t  v a l u e  of 12% f o r  a l l  types of 

con t ro l l e r s .  Right-angle accidents  w a s  t he  predominant y p e  f o r  four-way s top  

control .  

I n  a  p r e v i o u s  s t u d y  documented i n  t h e  N a t i o n a l  C o o p e r a t i v e  Highway 

Research Program Repor t  INCHRPI number 233 (6). accident  r a t e s  per  year  f o r  

s igna l i zed  i n t e r s e c t i o n s  were documented f o r  two l o c a t i o n s ,  Slrokie, I?,. and 

Los Angeles.  CA. These a c c i d e n t  rates a r e  aham i n  Table 2 and Table 3 f o r  

Skokie,  and Los  Angeles,  r e s p e c t i v e l y .  Tvo g e n e r a l  o b s e r v a t i o n s  can be  

p o i n t e d  o u t ;  t h e  f i r s t  o b e e r v a t i o a  i s  t h a t  t h e r e  i s  a c l e a r  c o r r e l a t i o n  

betateen the  average  d a i l y  t r a f f i c  and b o t h  a c c i d e n t  numbers and a c c i d e n t  

r a t e s .  The s e c o n d  o b s e r v a t i o n  i s  t h a t  a c c i d e n t  r a t e s  a t  s i g n a l i z e d  

in te r sec t ions .  i n  general ,  hare an accident  r a t e  range of 0.55-2.50 a c c i d e n t s  

per mi l l ion  en te r ing  vehic les .  

4.1.2 Stop Controlled Verrw Signalized I n t e r r e c t i o n r  : 

The t o p i c  of replacing s top  rign control  with e ignal  control  hna been the  

c e n t e r  of a t t e n t i o n  f o r  n m e r o w  s t u d i e s .  I n  t h i s  s e c t i o n ,  an  a t t e m p t  was 



TABLE 1. PERCENTAGES OF ACCIDENTS FOR EAQi TRAFFIC COHTRQ mDE 

SEVERITY 

P r o p  rty Personal 

Locat ion Control  Damage I n j u r y  Ped. F a t a l i t y  

9. Phila.  T r a f f i c  70 18 12 0 
Signa l s  

-0-Way 68 20 12 0 
Stop. 

P o u r  Way 7 7 11 12 0 
Stop. 

N. Phila.  T r a f f i c  68 20 1 2  0 
Signal s 

OI 

l b o - W a y  69 19 12 0 
. stop. 

Pour-Way 7 9 8 13  0 
Stops  

l o u t c e  t Reference Number 5 

TYPE 

RT Rear Fixed S i d e  

Angle End Obj h i p .  Ped. MDT* 

* 
AUrr = A n n u l  Average Dai ly  T r a f f i c  



Etl t ering 
ADT 

Avg. Accident 7.5 10.3 18.1 20.6 30.6 33.8 
Per Year 

Change of 3-13 3-18 5-30 3-7 3 12-60 14-61 
Prquenciee 

Avg. Annual 1.52 1.52 2.11 1.98 2.5 2.40 
Accident Rate 

* 
Per Intersection 

* 
Accident rate per mil l ion vehicles calculated for the mid point of entering ADT. 

Source: Reference Number 6 



TABLE 3 .  ACCIDENT RATES FOR SICNALIZm INTERSECTIONS IN LOS ANGmES. CA. 

ADT Avg. Annual 
Accident Rate Standard 
Per Intersection D w  iat ion 

Source: Reference U m b e r  6 



made t o  document t h e  e f f e c t s  of t r a f f i c  s i g n a l  i n s t a l l a t i o n  on t r a t f i c  

accidents. Host of the  research attempts l i s t e d  here  use the before and a f t e r  

approach. 

In an ea r ly  study conducted by the  Hichigan Department of Transportation, 

b e f o r e  and  a f t e r  a c c i d e n t  d a t a  w a s  c o l l e c t e d  f o r  5 2  new t r a f f i c  s i g n a l  

i n s t a l l a t i o n s  and 75 new f lasher  i n s t a l l a t i o n s  f o r  urban and r u r a l  t ruck1 i n e  

highvays ( 7 ) .  The s tudy concluded t h a t  t o t a l  acc iden t s  increased by 33%. 

f a t a l i t i e s  dropped from 9 t o  3, and t o t a l  i n j u r i e s  went up from 345 t o  389. 

Furthermore.  i t  was concluded t h a t  f l a s h e r s  decreased accidents. Table 4  

contains s t a t i s t i c s  f o r  both s ignal  i n s t a l l a t i o n s  and f l a s h e r  ins ta l l a t ions .  

I n  an a t t empt  t o  r e l a t e  a c c i d e n t  p a t t e r n s  t o  type  of in tersect ion.  a  

etudy was conducted. and a  large  nuaiber of d i f f e r e n t  measures of ef fect iveness  

t h a t  d e s c r i b e  changes i n  a c c i d e n t  p a t t e r n s  were c m p i l e d  (8). Analyeis of 

v a r i a n c e  and r e g r e e s i o n  t e c h n i q u e s  w e r e  u t i l i z e d  t o  show t h a t  t h i s  

r e l a t i o n s h i p  shou ld  be  d e s c r i b e d  by complex models ra the r  than by a  simple 

signal-no-signal d ivis ion.  Hypothesis t e s t i n g  concluded t h a t  s i g n a l i z a t i o n  

showed no e v i d e n c e  of a  s i g n i f i c a n t  d e c r e a s e  i n  n e t  a c c i d e n t  r e l a t e d  

d i s u t i l i t y .  especiab?p fo r  s igna l s  not warranted by t r a f  f i c  volume. Tab le  5 

documents the  s t a t i s t i c a l  r e s u l t s  of the  before and a f t e r  data. Ae expected. 

an i n c r e a s e  i n  rear-end a c c i d e n t s  [180%1 and r e d u c t i o n  i n  r i g h t - a n g l e  

accidents 134x1 occurred due t o  s ignal  i n s t a l l a t i o n .  

In  another study. two s i g n a l  i n s t a l l a t i o n s  were  a s s e s s e d  i n  t e r n s  of 

s a f e t y  r e s p o n s i b l i t y .  a c c e l e r a t i o n  and speed  r e q u i s i t e s  end adequate road 

engineering (9). The r e s u l t s  i n d i c a t e d  t h a t  due t o  e i g n a l  i n s t a l l a t i o n a .  

r i g h t - a n g l e  a c c i d e n t s  decreased ,  r e a r e n d  and misce l l aneous  a c c i d e n t s  

increased. and o v e r a l l  accident r a t e  d i d  n o t  change s i g n i f i c a n t l y .  It was 

a l s o  concluded t h a t  i n  o r d e r  t o  improve the  accident rate.  an i n t e r r e c t i o n  

must h e  a  hxgh t r a f f i c  voltme. a  high e x i s t i n g  accident rate. and a complex 

geometric configuration before s igna l i za t ion  becoaes e f fec t ive .  

A r e c e n t  e f f o r t  a t t empted  t o  e v a l u a t e  t h e  e f f e c t  of t r a f f i c  s i g n a l  

i n a t a l l a t i o n s  on a c c i d e n t s  (10). k b e f o r e  and a f t e r  study of 31 recent ly  

s ignal ized i n t e r s e c t i o n s  was conducted i n  Milwaukee. Wisconsin. The major  

f i n d i n g s  of t h i s  s tudy  were: 1) upon e ignal izat ion.  l i t t l e  o r  no change wan 

noted overa l l  e i t h e r  i n  mmbet of acc idence  o r  i n  s e v e r i t y ;  2)  r i g h t - a n g l e  

a c c i d e n t s  d e c r e a s e d  s i g n i f i c a n t l y  [34%] ; 3)  r e a r e n d  a c c i d e n t 8  increased 

s i g n i f i c a n t l y  137x1; 4 )  o t h e r  a c c i d e n t s  i n c r e a s e d  s i g n i f i c a n t l y  L41Xl ; 5 )  



TABLE 4 .  NUWER OF ACCIDENTS FOR SIGNAL INSTALLATION AND FLASHER INSTALLATIONS 

Accident Type 

Right-Angl e 

Rear End 

Lef t-Turn 

Other 

* 
Signal I n e t a l l a t i o n  

Before After Accident w p e  

242 134 Righ t-Angl ea  

259 5 14 RearEnd 

3 5 58 Lef t-Turn 

Recorded Since Sept. 21. 1953 

** 
Recorded Since Jan. . 1950 

Source: Reference Number 7 

125 Rear-End due t o  
r igh t  turner 

Ran-of f- Road 

Other 

* * 
Flasher I n s t a l l a t i o n  

Be£ ore  A f t e r  

241 179 

64  5 4  

130 117 

14  5 



TABLE 5 : BEFORE AND AFTER STATISTICAL RESULTS 

Number of Accidents 

Percent 
Claasif i ca t ion  Before After Change Significance 

Fatal i ty  

Injury 

TYPE OF ACCIDENT 

RearEnd 89 250 +180.9 C 

Right-Angl e 255 168 -34.1 C 

Turning nwement 3 1 36 +16.1 N 

Pedeat rian 3 7 +133.3 N 

Head-on 3 3 --- - 

Misc. 3 0 45 +5 0 C 

a- Not Applicable 

N- Not Significant 

C - Conservative Test (Chi-Square Test) 

L - Liberal Test (Poisson Dietribution) 

Source: Reference Number 8 



v e h i c l e / p e d e s t r i a n  and o p p o a i n g  d i r e c t i o n  a c c i d e n t s  d i d  not  change 

a p p r e c i a b l y .  T a b l e s  6  and 7 r e p o r t  on a c c i d e n t  changes by t y p e  and  by 

s e v e r i t y .  The s tudy  concluded t h a t ,  i n  g e n e r a l ,  s i g n a l i z a t i o n  is  no t  a  

r e l i a b l e  accident reduct ion measure but  i t  does n o t  produce a  s i g n i f i c a n t  

increase e i the r .  

T r a f f i c  s ignal  removal has been evaluated i n  terms of t r a f f i c  s a f e t y .  A 

s t u d y  attempted t o  evaluate  f i v e  i n t e r s e c t i o n s  a f t e r  s i g n a l s  were replaced by 

s t o p  s i g n s  (11). The a n a l y s i s  concluded t h a t  a t  low volume s i g n a l i z e d  

i n t e r s e c t i o n s ,  an ins ign i f i can t  change i n  accidents  i s  expected i f  the s ignal  

is removed. Therefore, where i t  is  not warranted. s i g n a l s  shou ld  be removed 

from tha t  p a r t i c u l a r  in te r sec t ion .  

In  a  more comprehensive study, o v e r  200 i n t e r s e c t i o n s  i n  31 p o l i t i c a l  

e n t i t i e s  wi thin  the  U.S. were invest igated t o  determine t h e  c r i t e r i a  of s ignal  

removal (12) .  For 26 i n t e r s e c t i o n s  conver ted  t o  multi-way s t o p  c o n t r o l ,  

annual  accident  frequency dropped from 1.70 t o  0.68 accidenta per year La 60% 

reduction] . Annual in jury  accident frequency p e r  y e a r  dropped f tom 0.50 t o  

0.19 f o r  i n t e r s e c t i o n s  conver ted  t o  2-way s top  control  [I91 in te r sec t iona l ,  

t o t a l  accidents  per year dropped from 2.46 t o  2.38 and i n j u r y  a c c i d e n t a  p e r  

y e a r  from 0.70 t o  0.63. Right-angle  a c c i d e n t s  increased 51% and r e a r e n d  

accidents decreased 49% a t  these 191 converted in te r sec t ione .  

4.1.3 Accidents on Ar te r ia l s  and Erpresswrys 

I n  an e f f o r t  t o  quantify b e n e f i t s  and costa  of erpreeaways. a s t u d y  was 

conducted t o  i n v e s t i g a t e  t h e  s a f e t y  of a r t e r i a l  and expressway t r a f f i c  i n  

Chicago ( 1 3 ) .  The s tudy  concluded t h e  f o l l o u i n g :  1) 100 .000  v e h i c l e s  

t r s v e l i n g  100,000 miles on an expressway can have 389 fewer accidents  than the  

seme t r a f f i c  t r ave l ing  t h e  snme dis tance  on an a r t e r i a l  Lthe breakdown of t h e  

389 a c c i d e n t s  is: 290 property damage. 98 in ju ry  accidenta,  and 1 f a t a l i t y ] :  

2 )  f o r  the  same c r i t e r i a ,  i t  was estimated tha t  an annual s a v i n g  of $160.000 

can  be ach ieved ;  3 )  a c c i d e n t  r a t e e  are higher near t h e  cen t ra l  core  of the  

c i t p  and decrease t m a r d s  the  c i t y  l h i t e :  4) accident r a t e e  a r e  a f f e c t e d  by 

s t r e e t  d e s i g n  c h a r a c t e r i s t i c s .  On t h e  average, accidents  r a t e s  per mi l l ion  

v e h i c l e s  of t r a v e l  w e r e  f o u n d  t o  b e  14 .3  a n d  2 . 8  f o r  a r t e r i a l s  a n d  

expressways, respectively.  



TABLE 6. ACCIDENT CHANGES BY TYPE OF ACCIDENT 

Before After 

# of 
Accident 

Severity # of SI 
Index Accident s 
tS.1) 

5 p e  of - PDOE PM)E 
Accident Actual PDOB Actual Actual PDOE Actual 

Right Angle 264 409 1.55 178 3 19 1.79 

Rear Eng 160 186 1.16 224 275 1.23 

Opp. D i r .  32 53 1.66 41 6 2 1.51 

w One l e f t  
W 

Vehicle/ 18 74 4.22 12 40 3.33 
Pedestrian 

Other 46 6 3 1.37 67 101 1.51 

Total 5 20 7 87 1.51 522 7 97 1.53 

* 
Change in coneider s t a t i s t i c a l l y  Signif icant  

PDOE = Property Dnmage only Bquivalent 

Percent Change 

After  Uinus 
Before 

Actual PDOE 

* 
-33% -22% 

* * 
+40X +48Z 

+2 8X +17% 

Source: Reference Number 10 



TABLE 7 .  ACCIDENT C W E S  BY SEVERITP 

Number of Accident8 Percent Change 

Highest Level 
Of Severity Before After 

After 
Minus-Bef ore 

Fatal 2 1 -50% 

Type A 
Injury 

Type C 
Injury 

Property Damage 3 83 368 
only 

Total 5 20 522 +O .4% 

Type A - Incapacitating Injury 5 p e  C - Possible Injury 

Type B - Non-Incapactating Injury 

Change is considered s t a t i s t i c a l l y  s ign i f i cant  

Source: Reference Number 10 



4.1.4 Signal Control Types and T r a f f i c  Accidents 

T h i s  s e c t i o n  r e p o r t s  on e x p e r i e n c e s  v i t h  d i f f e r e n t  t y p e s  of s i g n a l  

con t ro l l e r s  and t h e i r  safe ty  aspects. The NCHRP s t u d y  documented i n  r e p o r t  

number 233 (6) prov ided  a c c i d e n t  s t a t i s t i c s  s t r a t i f i e d  by control  type. and 

they a r e  documented i n  Table 8. Closer examination of t h i s  t a b l e  i n d i c a t e s  

the  following: 

1) Mean accidents per year f o r  unsignelized i n t e r e e c t i o n s  a r e  h a l f  of 

those f o r  s ignal ized in te r sec t ions .  

2 )  Pretimed and volume density controls  have lower mean acc iden t s  than  

actuated con t ro l l e r s .  

3 )  Aa expected, right-angle accidents c o n s t i t u t e  t h e  major  pe rcen tage  

of u n s i g n a l i z e d  i n t e r s e c t i o n  a c c i d e n t s .  and rear-end a c c i d e n t s  

c o n s t i t u t e  t h e  maj o r  p e r c e n t  a g e  o f  s i g n a l i z e d  i n t e r s e c t i o n  

accident 8. 

The s t a t i s t i c s  shown i n  T a b l e  8 a r e  f o r  a c c i d e n t  number on ly  and no 

mention was made of accident ra tes .  The i s s u e  of t r a f f i c  control  type and of 

poss ible  impact on accident r a t e s  is worth f u t u r e  invest igat ion.  

The dilemma t h a t  most d r i v e r s  face  is whether t o  s top o r  d r ive  through 

t h e  i n t e r s e c t i o n  d u r i n g  t h e  amber phase on h i g h  speed f a c i l i t i e s .  The 

locat ion of the  v e h i c l e  on set of the  amber phase with respect t o  the  stop bar  

has a s i g n i f i c a n t  e f f e c t  on t h e  d r i v e r '  e d e c i s i o n .  Exper imentat ion w i t h  

t r a f f i c  a c t u a t e d  Green E x t e n s i o n  Systems (GES) s igna l s  was conducted. The 

idea behind these  systems is  t o  i n s t a l l  a  group of d e t e c t o r s  upstream of t h e  

s t o p  b a r  w i t h i n  t h e  dilemma zones  t o  d e t e c t  veh ic le  presence on s e t  of the  

amber phase and extend the  green phase. By doing so. the  probabi l i ty  of r e a r  

end accidents  caused by the  rapid decelera t ion of the  vehic le  is  s i g n i f i c a n t l y  

reduced. 

An e a r l y  study attempted t o  evaiuate GES i n  terms of t h e i r  ef fect iveness  

i n  reducing the  dilearma zone p r o b l m  associated v i t h  high speed i n t e r s e c t i o n s  

(14) .  Before and a f t e r  s tud ies  shtmed a  54% reduction i n  t o t a l  accidents and 

a 75% reduction i n  r e a r e n d  accidents .  The r e s u l t 8  r e v e a l e d  t h a t  a c c i d e n t  

s e v e r i t y  was  u n a f f e c t e d .  The r e s u l t s  of t h e  b e f o r e  and a f t e r  s t u d i e s  

c l a s s i f i e d  by accident type and accident sever i ty  a r e  documented i n  T a b l e s  9 

and 10. 

A study aimed a t  evaluating a l t e r n a t i v e s  f o r  d e t e c t o r  placement a t  h i g h  

s p e e d  i n t e r s e c t i o n s  u s e d  t r a f f i c  c o n f l i c t  a e  t h e  s a f e t y  maaoure of 



TABLE 8. SAMPLE STATISTICS FOR DATA STRATIFIED BY CONTROL TYPE 

Type of # of #of Mean AccidentIYr X % Confidence 
Control Intersections Accidents/Y~ Per Intersection RearEnd Right Angle Interval 

at = 0.05 

Not 65 
Signalized 

Pretimed 126 2054 16.30 54 46 13.81. 18.79 

Semi- 3 7 
Actuated 

Pull- 2 9 
Actuated 

c. 
cn Volume 5 

Density 

Total 2622 4209 16.06 -- -- --- 

Source: Reference Number 6 



TABLE 9 .  U A S S I F I C A T I O N  OF ACCIDENTS BEFORE AND AFTER INSTALLATION OF 
GR-WTENSION S I S T l D E  (3  LOCATIONS) 

Accident e 

Type of Before After 
Accident (8.5 yrs) (3.7 yrs) 

Rear End 28 3 

Right-Angl e 33 10 

Sideauipe 4 0 

Other 5 1 

Total 7 0  14 

Accident a Per 
Year 

Before Before 

Source: Reference Number 14 



Table 10. Severity of Accidents Before and After Installation of 
Green-Rtension System (3 Lacetione) 

Accidents 

W P ~  of Before After 
Accident (8.5 yrs) (3 .7  yrs) 

Ptoperty 45 
D-ge 

Accident s Per 
Year 

Before Before 

Fatal 2 (3) O(0) 0.2(0.4) O(0) 

Total 7 0 14 8.2 3.8 

*( - Number of injurieo 

Source: Reference Nuder 14 



effect iveness  (15). ' ho  s i t e s  were obsenred. and a  before and a f t e r  study was 

conducted a t  b o t h  s i t e s  t o  de te rmine  r e a r c n d  t r a f f i c  conf l i c t s .  Results 

shoved t h a t  the GES caused a  r e l i a b l e  reduction of t r a f f i c  c o n f l i c t s  by 84% a t  

one locat ion and 49% a t  the  second location.  

4.2 Pedest r i a n  Saf e q  

Observa t ions  of pedest r ian  crossings a t  urban in te r sec t ions  were made t o  

determine the effect iveness  of pedestrian s igna l s  (16). R e s u l t s  showed t h a t  

c o m p l i a n c e  was  b e t t e r  a t  i n t e r s e c t i o n s  w i t h  p e d e s t r i a n  s i g n a l s .  The 

pedeetrian s igna l s  provided useful  information, and t h e  i n d e x  of hazard  r a t e  

[ p e r c e n t  of i l l e g a l  s t a r t l  was found t o  be lower a t  i n t e r s e c t i o n s  w i t h  

pedestrian eignals. Howwer, pedestrian-vehicular c o n f l i c t s  o c c u r r e d  on a l l  

s i g n a l  phases.  Tab le  11 c o n t a i n s  percent of s t a r t  end a r r i v a l  modes i n  two 

s igna l  conditions. 

A s t u d y  conducted t o  determine the  e f f e c t  of pedestrian mwcment on the 

f l w  of veh ic les  a t  s i g n a l i z e d  i n t e r s e c t i o n s  u t i l i z e d  computer s i m u l a t i o n  

(17 . Two-lane and f o u r  l a n e  i n t e r s e c t i o n s  were simulated. and t h e  r e s u l t s  

revealed t h a t  pedest r ians  caused v e h i c l e  delay t o  increase .  Fur thermore,  i t  

was concluded t h a t  i n t e r s e c t i o n s  t h a t  exh ib i t  these  tendencies would benef i t  

from the inclus ion of a  pedestrian i n  the  s ignal  cycle. 

I n  d e t e r m i n i n g  whether  pedestrian accidents were s i g n i f i c a n t l y  affected 

by the  presence of p e d e s t r i a n  s i g n a l s ,  data from 1297 t r a f  f i c - s i g n a l i z e d  

in te r sec t ions  i n  15 c i t i e s  were col lected (18). Results  shared no s ign i f i can t  

d i f ference i n  pedestrian accidents between i n t e r s e c t i o n s  w i t h  s t a n d a r d  timed 

( c o n c u r r e n t  walk)  p e d e s t r i a n  s i g n a l s  and i n t e r s e c t i o n s  without pedestrian 

s ignals .  R c l u e i v e  timed l o c a t i o n s  were  a s s o c i a t e d  w i t h  l o v e r  p e d e s t r i a n  

accidents  than the  o ther  two. 

Examination of behavioral data  a t  given i n t e r s e c t i o n s  and u s i n g  l i m i t e d  

d a t a  a t  urban i n t e r s e c t i o n s  shwed no s i g n i f i c a n t  reduction i n  the  proportion 

of unsafe a c t s  a f t e r  i n s t a l l i n g  pedest r ian  s i g n a l s  (19) .  The low nuaber  of 

a c c i d e n t s  and t h e  mall  number of i n t e r s e c t i o n s  bempled did not allow f o r  a  

conclusive s t a t i s t i c a l  analysis.  

An o p i n i o n  o r i e n t e d  s tudy  aimed a t  e v a l u a t i n g  t h e  e f f e c t i v e n e 8 e  of 

p e l i c a n  c r o s s i n g  [pedes t r i an-Actua ted  C r o r s i n g r j  was c a r r i e d  o u t  ( 2 0 ) .  

Survey ing  t h e  general  publ ic  revealed t h a t  the  public lacked underatanding of 



Table 11. PERCEW OF START AND ARRIVAL HODES I N  THE 'lUO SIGNAL CONDITIONS 

Without With 
Pedeetrian Signal Pedeetrian Signal 

Arrival 
node Start node Start node 

Legal I l legal  Total Legal Illegal Total 

Unauccea sf ul 10.2 12.8 23.0 2.8 8.3 11.1 

Total 79.7 20.3 100.0 85.7 14.3 100.0 

Source: Reference Number 16 



the  function of t h e  pelican crossings,  and t h a t  s i g n i f i c a n t  o p e r a t i o n a l  and 

design improvements must be made. 

A j o i n t  h e r i c a n / A u e t r a l i a n  Pedestrian Conference i n c l u d e d  a d i s c u s s i o n  

comparing the sa fe ty  fac to rs  of zebra t o  pel ican croseings (211. While zebra 

crossing caused d e l a y  and c o n g e s t i o n  i n  v e h i c l e  and p e d e s t r i a n  flow. t h e  

p e l i c a n  c r o s s i n g s  seemed t o  have conriderable advantages. A 60% decrease i n  

a c c i d e n t s  was observed when a z e b r a  c r o s s i n g  w a s  c h a n g e d  t o  a p e l i c a n  

crossing. It was a l s o  concluded tha t  while the re  is no conclusive evidence of 

the  pos i t ive  sa fe ty  benef i t s  of pelican crossings. the re  a r e  no indicat ions  of 

adverse e f fec t s .  

4.3 Delsy. Fuel Consumption, and Capacity of Sienalized In te r sec t ions  

The impact of s i g n a l  i n s t a l l a t i o n  on t r a f f i c  delay was evaluated (22). 

R e s u l t s  showed t h a t  s i g n a l i z a t i o n  i n  g e n e r a l  i n c r e a s e s  d e l a y  on a 1  1 

approaches.  Fur thermore,  i t  was reported t h a t  t h e  proportional i n c r e m e  i n  

delay can be g r e a t e r  on t h e  minor s t r e e t  a t  law volume levels .  while the major 

s t r e e t  may experience a g r e a t e r  proportion a t  peak volume levels .  

The National Signal Timing Optimization Proj e c t  w a s  i n i t i a t e d  t o  p rov ide  

b e t t e r  t i m i n g  schemes w i t h  t h e  u l t i m a t e  g o a l  of r educ ing  d e l a y  and f u e l  

consumption ( 2 3 ) .  The TRANSPT7F Computer program wan u s e d  t o  d e v e l o p  

op t imized  t iming  p lans .  I t  was r e p o r t e d  t h a t  the  average i n t e r s e c t i o n  can 

have an annual delay reductions of 15.47 hours. and an annual fue l  s a v i n g s  of 

1 0 , 5 2 4  g a l l o n s .  T h e e e  s a v i n g s  would  t h e n  t r a n s l a t e  t o  $28.695 p e r  

i n t e r s e c t i o n  per year. 

The TRANSYT c o m p u t e r  model  was u s e d  t o  t i m e  26 i n t e r s e c t i o n s  i n  

Gainesvil le.  Flor ida ,  t o  examine tradeof f between f u e l  consumption and de lay  

( 2 4 ) .  The s t u d y  concluded t h a t  f u e l  savings  of one gallon per hour may be 

ach ieved  a t  each  i n t e r s e c t i o n  w i t h o u t  r e r o r t i n g  t o  c y c l e  l e n g t h s  of 

u n r e a s o n a b l e  l e n g t h  [ g r e a t e r  t h a n  120 eeconds l .  Fuel  consumption may be 

reduced by holding veh ic les  already stopped f o r  a fcn  more seconds  t o  permit  

e x t r a  v e h i c l e s  t o  proceed through t h e  i n t e r s e c t i o n  without stopping [ a t  the  

expense of increased delayl.  

I c  a r e c e n t  s t u d y ,  t h e  Network S i m u l a t i o n  model lknam a s  NEl'SMl waa 

used t o  e v a l u a t e  some proposed system m o d e r n i z a t i o n  ( 2 5 ) .  Measure  of 

e f f e c t i v e n e s s  produced by NETSIH waa re la ted  t o  delay and f u e l  consmption. 

It was r e p o r t e d  t h a t  through t h e  u s e  of s i g n a l  o p t i m i z a t i o n  mechanisms. 



e s t i m a t e d  b e n e f i t  of $440.000 i n  y e a r l y  fue l  coneumptipn and $1.336.000 i n  

delay reduction can be achieved. The szudy concluded t h a t  NETSIM p r o v i d e s  a 

real -world  view of e x i s t i n g  and proposed t r a f f i c  characteristics. Table 12 

surmnatizes the  est imated measures of e f fec t iveness  aa produced by NETSfn. 

4.4 Economics of I n s t a l l i n g  Signals 

This sect ion reportu on s tud ies  t h a t  addressed a l l  t h e  consequences  of 

i n s t a l l i n g  e i g n a l s  from t h e  economics viewpoint. A case study of p o l i t i c a l  

involvement wae conducted. and t h e  i s s u e  of a l e e s  t h a n  d e s i r a b l e  t ratf  i c  

s igna l  warrant w a s  addressed (26) .  Before and a f t e r  s tud ies  were evaluated i n  

terme of vehicular  volumee. pedest r ian  volumes. accident e. f u e l  consumption. 

m o t o r i s t  delay.  and i n s t a l l a t i o n  and maintenance coats. The "a f te rw data. 

co l l ec ted  f o r  m e  year. shared t h a t  veh icu la r  and pedes t r i an  volumes d i d  not 

s i g n i f i c a n t l y  i n c r e a e e ,  and t h a t  a c c i d e n t s  exper ienced  a emall  increase. 

Costs incurred t o  the  public through increased a c c i d e n t s .  f u e l  conaumption. 

de lay .  and i n s t a l l a t i o n  and maintenance were  r e p o r t e d  t o  increase  by over 

$100.000 per year. 

A s t u d y  re levan t  t o  t h i s  subj e c t  a t t s ~ r p t e d  t o  analyze accident h i s t o r i e s  

a t  i n t e r s e c t i o n s  and t r i e d  t o  evaluate  t h e  effect iveness  of t r a f f i c  c o n t r o l s  

(27). Recognizing tha t  accident frequency alone can be misleading. t h i e  study 

incorporated a c c i d e n t  s e v e r i t y  and t y p e  of a c c i d e n t s  i n  t h e  a n a l y s i s .  A 

u t i l i t y  function t h a t  includes accident tppe. accident sever i ty .  and un i t  cost  

per  accident w a s  developed. The study concluded t h a t  w h i l e  s i g n a l i z a t i o n  may 

show an  inc rease  i n  accident rate.. t h i s  increaea  is o f f s e t  by a reduction i n  

t h e  f i g u r e  of merit. o r  " d i s u t i l i t y n  v a l u e  pet a c c i d e n t .  t h u s  l e a d i n g  t o  no 

s i g n i f i c a n t  change i n  t o t a l  accident-ralated d i s u t i l i t y .  

The development of guidel ines  f o r  t r a f f i c  c o n t r o l  w a r r a n t s  a t  i s o l a t e d  

i n t e r s e c t i o n .  w a s  a t t empted  i n  an e a r l y  etudy (28). Both f i e l d  s t u d i e s  and 

computer simulation were uued t o  develop t h e  warrant f o r  i n t e r s e c t i o n s  on high 

speed r u r a l  highways. Two-way a top signala,  pretimed s i g n d a .  semiactuated 

s ignals .  and f u l l  ac tua ted  s i g n a l e  were  e v a l u a t e d  o v e r  a range  of t r a f f i c  

volumes on both major end minor approaches. Annual e c o n a i c  coat  w u  rued am 

a b a s i s  t o  dewelop c r i t e r i a  f o r  s e l e c t i n g  t h e  most appropr ia te  control  type. 



TABLE 12. NETSIM RESULTS FOR THE LUDINGTON STREET NETWORK 

Measure of 
Effectiveness 

Stope per Vehicle 

Avg Speed (HPH) 

Avg Delay Per 
Vehicle(e)  

Total Delay (min) 

Hydrocarbon (g/rnile) 

Carbon Monoxide 
(g/mile) 

Nit roue Oxide 
(g/mile) 

Fuel Conswption 
(gal 

Exist ing Proposed X Change 

Source: Reference Number 25 



4.5 In te rna t iona l  Experience wi th  Signal I n s t a l l a t i o n  

The accident exper ience of t h r e e  a r t e r i a l  road systeme c o n t r o l l e d  by 

c o o r d i n a t e d  s igna l s  was studied i n  Aus t ra l i a  (29). Accident s t a t i s t i c s  f o r  a 

nine  month period preceding i n s t a l l a t i o n  of t h e  c o o r d i n a t e d  s i g n a l  sys tems 

were  compared with s t a t i s t i c s  f o r  a  n ine  month a f t e r  period. The study share 

conclusively t h a t  s u b e t a n t i a l  r educ t  i o n s  i n  a c c i d e n t s ,  t o  t h e  e x t e n t  t h a t  

q u i t e  high annual r a t e s  of r e tu rn  on t h e  imrestment by accident aavings alone. 

a r e  i n d i c a t e d .  T r a f f i c  s i g n a l  c o o r d i n a t i o n  a l s o  paye d i v i d e n d s  i n  t h e  

s u b s t a n t i a l  r e d u c t i o n s  of a c c i d e n t s  even away from t h e  p o i n t s  of a c t u a l  

control .  

Ae an  e x t e n s i o n  of t h e  work c a r r i e d  o u t  by Camkin and L w r i e  (291, an 

imrest igat ion i n t o  approximately 15000 acc iden t s  which o c c u r r e d  on e i g h t  co- 

o r d i n a t e d  t r a f f i c  s i g n a l  systems i n  the  period between t h e  f i r s t  q u a r t e r  of 

1968 and t h e  t h i r d  q u a r t e r  of 1974 w a s  under taken  (30). The aim of t h e  

imrest igat ion was t o  measure the  e f f e c t  of coordinated t r a f f i c  s igna l  ayeteaus. 

A 20 per cent improvement i n  the  t o t a l  number of a c c i d e n t s  o c c u r r i n g  w i t h i n  

t h e  s y s t  ems was ob ta ined .  The major  improvements occurred i n  pedestrian- 

imrolved and right-angle accidents. These improvements o c c u r r e d  w i t h o u t  any 

s i g n i f i c a n t  change i n  any o t h e r  a c c i d e n t  type .  When e x i s t i n g  s i t e s  were 

coordinated t h e r e  was a  s i g n i f  i c a n t  improvement i n  r i g h t -  t u r n  a c c i d e n t  s. 

There fore ,  i t  was concluded t h a t  t h e  c o o r d i n a t i o n  of t r a f f i c  s i g n a l s  can 

a l l e v i a t e  one of the  major d i s a b a n t a g e  of i s o l a t e d  t r a f f i c  s ignals .  

The i n t e r n a t i o n a l  l i t e r a t u r e  does not all- general  s t a t a n e n t s  regarding 

t h e  e f f e c t  of t r a f f i c  s i g n a l e  on a c c i d e n t s  a t  i n t e r s e c t i o n s .  A s t u d y  

a d d r e s s e d  a  number of f a c t o r e  i n f l u e n c i n g  a c c i d e n t 6  such a s  t h e  24-hour 

t r a f f i c  volume and t h e  number of a c c i d e n t s  b e f o r e  t r a f f i c .  s i g n a l s  a r e  

i n s t a l l e d  (31). Some of t h e  point6 made by t h i n  study were t h a t  t h e  e f f e c t  of 

t h e  i n s t a l l a t i o n  of t r a f f i c  s i g n a l s  v a r i e s  w i t h  road u s e r  c a t e g o r i e s  and 

a c c i d e n t  typer. For instance,  r ight-mgle  accidents  general ly  decrease a f t e r  

s i g n a l i z a t i o n  whereas rear-end a c c i d e n t s  a t  b e s t  do n o t  i n c r e a s e .  A t  

s i g n a l i z e d  i n t e r s e c t i o n s  l e f t  t u r n s  comparatively of ten lead t o  accidento. 

Exclusive l e f  t- turn e ignals  a r e  theref o re  recommended. Other  f a c t  o r s  d e a l t  

with i n  the  l i t e r a t u r e  are: i n t e r s e c t i o n  lapout,  durat ion of t h e  apber phase. 

switching off  t h e  i n a t a l l a t i o n  a t  n i g h t .  s e p a r a t i o n  of t r a f f i c  f l w .  and 

coordination of t r a f f i c  s igna l  i n r t a l l a t i o n .  



Charac te r i s t i c s  of t r a f f i c  accidents and l e v e l s  of t r a f f i c  saf e t y  b e f o r e  

and a f t e r  s i g n a l  r e g u l a t i o n  of 30 i n t e r s e c t i o n s  i n  Stockholm and 10 i n  

Goeteborg were de te rmined  and compared, and t h e  c o s t  b e n e f i t  of  s i g n a l  

regulation w a s  est imated (32) . The study covered 14 three-wq and 26 fourway 

in te r sec t ions  s ignal ized during the  period be tween 1969-7 2. Data c o l  l e c t e d  

f o r  each i n t e r s e c t i o n  was: geomet r ic  des ign  and equipment. s igna l  cycle. 

t r a f f i c  flow, type of regula t ion b e f o r e  s i g n a l i z a t i o n ,  speed l i m i t ,  s i g n a l  

i n s t a l l a t i o n  and runn ing  c o s t s ,  and number of a c c i d e n t s  b e f o r e  and a f t e r  

s ignal izat ion.  Accidento were c l a s s i f i e d  as: right-angle co l l i s ions ,  turning 

o f f  , bumper-to-bumper,  v e h i c l e - v e h i c l e  c o l l i e i o n s .  T o t a l  r i g h t - a n g l e  

c o l l i s i o n s  a t  both types of i n t e r s e c t i o n s  decreased s ign i f i can t ly .  A t  t h ree -  

way intersect ions ,  a l l  types of accidents except r e a r e n d  accidents decreased. 

A t  fourway intersect ions .  turning a c c i d e n t s  i n c r e a e e d ,  r e a r e n d  a c c i d e n t s  

were unchanged, and a l l  o t h e r  t y p e s  decreaeed. The proportion of personal 

in ju ry  accident8  was no t  a p p r e c i a b l y  changed, bu t  t h e i r  number decreased  

s i g n i f i c a n t l y  a s  a r e s u l t  of e i g n a l i z a t i o n  a t  both types of intereectiona.  

Accident cost  reductions f o r  one y e a r  were e s t i m a t e d  t o  cover  b o t h  s i g n a l  

i n s t a l l a t i o n  c o s t  and  runn ing  c o s t s  f o r  one y e a r .  Three and four-way 

in te r sec t ions  w i t h .  a high proportion of turning t r a f f i c  recorded  t h e  b i g g e s t  

a c c i d e n t  r e d u c t i o n s .  Both t y p e s  of i n t e r s e c t i o n s  recorded t h e  b i g g e s t  

accident reductions where none of the  approaches had a specia l  l e f t  turn lane. 

Four-way i n t e r s e c t i o n s  shoved a b i g g e r  accident reduction where l e f t  turns  

were not permitted than where they were. 

5 .  FINDINGS AND CONaUSIONS 

The f o l l o w i n g  i s  a summary of t h e  major f i n d i n g s  a t t a i n e d  from t h e  

l i t e r a t u r e  rewiei: 

1. For two-way etops. four-way s t o p s ,  and e i g n a l i z e d  i n t e r s e c t i o n s ,  

p r o p e r t y  damage a c c i d e n t s  r e p r e s e n t e d  t h e  highest  s w e r i t y  c l a s s  

p e r c e n t a g e  168%-79X1, and p e d e s t r i a n  a c c i d e n t s  r e p r e s e n t e d  a 

constant value  of 12%. 

2.  Right-angle accidents  w 6 a  found t o  be t h e  predominant type f o r  four- 

w q  s top  control  i a te r rec t ions .  

3. Accident r a t e s  a t  s ignal ized i n t e r s e c t i o n s  range between 0.55 and 

2.50 accidents  per mi l l ion  enter ing vehicles.  



Most e tudiee  agreed tha t  s i g n a l  i n s t a l l a t i o n  r e s u l t s  i n  reduc ing  

r i g h t - a n g l e  accidente and increas ing near-end accidente. Aa f a r  as 

t o t a l  number of accidents,  no consensus was reached among s t u d i e s  ae 

t o  how it is affected by s ignal izat ion.  

The only  s t u d y  t h a t  a d d r e s s e d  s i g n a l  r e m o v a l  c o n c l u d e d  t h a t  

c o n v e r t i n g  t o  multi-way s top  control  would cause a drop i n  accident 

frequency per year. Furthemore,  comrerting t o  two-way s t o p  control  

would cause  a reduction i n  both t o t a l  accident and in ju ry  acciaent. 

Ae expected.  r i g h t - a n g l e  a c c i d e n t s  would i n c r e a s e  and r e a r e n d  

accidents would decrease. 

Accident r a t e s  f o r  expressways were  found t o  be  much l o v e r  than  

accident r a t e s  f o r  a r t e r i a l s .  

The only study t h a t  addressed s igna l  control  type and i ts  impact  on 

s a f e t y  shorted a lower number of accidents f o r  pretimed and volume 

d e n s i t y   controller^ t h a n  number o f  a c c i d e n t s  f o r  a c t u a t e d  

control lers .  

Hixed r e s u l t s  were  observed  w i t h  r e s p e c t  t o  t h e  i n c l u s i o n  of a 

p e d e s t r i a n  phase i n  t h e  s i g n a l  c y c l e  and i t a  p o s s i b l e  impact on 

p e d e s t r i a n  s a f e t y .  P e l i c a n  c r o s s i n g s  [ P e d e s t r i a n - A c t u a t e d  

C r o s s i n g s ]  have been proven t o  be a promising s o l u t i o n  t o  t h e  

problem of pedest r ian  sa fe ty  p r w i d i n g  a good p u b l i c  u n d e r s t a n d i n g  

of the  s p s t e ~ .  

Good s ignal  timing using appropr ia te  opt imizat ion e c h m e s  h a s  been 

proven t o  reduce delay and excess f u e l  consumption. 

I n s t a l l i n g  a i g n a l s  may c o s t  t h e  p u b l i c  o v e r  $ 1 0 0 , 0 0 0  p e r  

i n t e r s e c t i o n  p e r  year i n  i n c r e a s e d  a c c i d e n t s .  f u e l  consumption, 

delay and i n s t a l l a t i o n  and maintenance costs.  

The i n t e r n a t i o n a l  l i t e r a t u r e  shored  t h a t  p roper  coordinat ion of 

t r a f f i c  s i g n a l s  may reduce vehicular  accidents a s  we l l  M pedest r ian  

accidents. 

Some conclusions can be made f r o a  the  f indings  and they are:  

I. S i g n a l  w a r r a n t s .  am c u r r e n t l y  o u t l i n e d  i n  t h e  HUTCD, address t h e  

meamre of ef fect iveness  of t r a f f i c  improvements individual ly .  More 

s p e c i f i c a l l y .  t h e  manual p r w i d e o  w a r r a n t s  f o r  d e l a y  on ly ,  and 

a c c i d e n t s  o n l y .  A c o m p o s i t e  i n d e x  r h o u l d  b e  d e v e l o p e d  t o  



i n c o r p o r a t e  a l l  the  measures, and hence a comprehensive warrant may 

be developed. 

2. More a t t e n t i o n  shou ld  be  g iven  t o  eaf ety  on a r t e r i a l s  and proper 

s igna l  coordination. 

3 .  The e f f e c t  of s ignal  type on sa fe ty  remained undocumented. Only one 

study p rwided  sorae s t a t i s t i c e  f o r  d i f fe ren t  s ignal  types. end much 

more work i s  needed i n  t h i s  area. 

4. P e d e s t r i a n  s i g n a l s  i s  an a r e a  t h a t  could  b e n e f i t  f rom f u r t h e r  

reeearch. 

The next sect ion c o n t a i n s  f o u r  problem e t a t e m e n t s  developed f tom t h e  

previous conclusions. 

6. RECOMMENDED FUTURE RESEARQl 

Problem No. 1 

T i t l e :  - 
An A n a l y s i s  of T r a f f i c  S i g n a l  Warrante Based upon Multiple Ueasures of 

Ef f ectiveneas. 

Problem: 

The c u r r e n t  w a r r a n t s .  a e  o u t l i n e d  by t h e  MUTCD. c o n s i d e r  s e l e c t e d  

measures of e f f e c t i v e n e s s  (MOE) such as  d e l w ,  accidents,  and t r a f f i c  flat?. 

Other measures such as  fue l  consrrmption. equipment c a p i t a l  and maintenance 

c o s t s .  and a i r  p o l l u t i o n  a r e  n o t  t r e a t e d  i n  t h e  manual. Modern Computer 

technology a l l o w s  t h e  u s e r  t o  e v a l u a t e  c o m p l i c a t e d  t r a f f i c  o p e r a t i o n  

s t r a t e g i e s  more e f f e c t i v e l y  and cheaply than before. Several computer models 

e x i s t  whxch can s i m u l a t e  and e v a l u a t e  MOEqe of d e l a y .  u s e r  c o s t .  f u e l  

consumption and env i ronmenta l  considetationa.  A new set of s igna l  warrants 

t h a t  combine a l l  HOE's would be of great  help  f o r  t r a f f i c  engineers. 

Obi ectivea:  

The f i r s t  ob jec t ive  of t h i s  propored r e s e a r c h  is t o  de te rmine  op t imal  

t h r e s h o l d  f o r  i n s t a l l a t i o n  of t r a f f i c  s i g n a l s  and t iming  baeed on t h e  

parameters of delay. w e t  cost, fue l  constmption and p o l l u t i o n .  The second 

o b j  e c t  i v e  is t o  r w i e w  c u r r e n t  r e 1  a t i o n s h i p s  between accidents  and s ignal  

control .  than combine all  !40E1r i n t o  one c a p o s i t e  i n d e x  t o  produce t r a f f i c  

s i g n a l  warrants. 



Related Work : 

N a t i o n a l  C o o p e r a t i v e  Highway Research Program 3-20 (Unpubl ished)  

i n i t i a t e d  t h i s  i n v e s t i g a t i o n ,  however,  a e v e r a l  s t u d y  l i m i t a t i o n s  and  

t e c h n o l o g i c a l  advances  i n  computer models i n d i c a t e s  a r e a l  need f o r  more 

extensive and continued study. 

Work Plan: 

The execution of t h i s  study is proposed i n  two phases. The f i r s t  phase 

a d d r e s s e s  t h e  d e t e r m i n a t i o n  of op t imal  t h r e s h o l d  f o r  i n s t a l l i n g  and timed 

s i g n a l s  baaed on i n d i v i d u a ' l  HOEv@ and  t h e  s e c o n d  p h a s e  i n v o l v e s  t h e  

development of warrants based on combining a l l  t h e  measures including t r a f f i c  

accidents.  

The following a r e  proposed t asks  f o r  phase 1: 

1. Define t h e  operat ional  and gecmetrical design c h a r a c t e r i s t i c e  of a 

t y p i c a l  i s o l a t e d  i n t e r s e c t i o n s  t o  be evaluated. More spec i f i ca l ly .  

def ine  : 

a)  T r a f i i c  volumee on major and minor s t r e e t s  

b) Number of lanee per approach 

C) T r a f t i c  composition, and turning percentages 

dl Special  turning lanee 

e l  T r a f f i c  control  (two-way etop, f o u r r a p  etop. s igna le )  

2. Rwiew ava i lab le  methodologies f o r  es t imat ing t h e  WE'S of i n t e r e s t  

f o r  a wide range of operat ional  s t r a t e g i e s .  %o methodologies a r e  

generally avai lable ;  mathaaatical  models and computer eimul a t  ion ,  

Scv era1 computer  models a r e  a v a i l a b l e  f o r  e v a l u a t i n g  i s o l a t e d  

s igna l i zed  i n t e r s e c t i o n s  namely : NETS I M ,  SOAP84. TRANSYT7F. and 

TEXAS. Not a l l  t h e e e  models con produce the  MOE's of i n t e r e s t  f o r  

t h i e  study. METSIM and TEMS are t h e  only knorn programs t h a t  can 

t r e a t  s top  control led  in tereect ions .  

3. Select  the  most appropr ia te  methodology, then apply t h i s  methodology 

t o  a l a r g e  nmber  of hypothetical  cases  generated i n  t a sk  1. 

4. The r e s u l t s  obtained f r m  taak 3 a r e  wed f o r  two purposes: 

a )  D w e l o p  optimal threshold f o r  s igna l  i n a t a l l a t i o n r  

b) Dwelop optimal t i r i n g  schs res  t h a t  minimize each i n d i v i d u a l  

HOE. 

The developrent of pa r t  b ray i n v o l v e  a feedback p r o c e s s  t o  t a s k  3 t o  

conduct more computer tuns. 



The proposed t a sks  f o r  phase 2 are:  

1. R e v i e w  the  l i t e r a t u r e  with regard t o  t r a f f i c  accidents  a t  s ignal ized 

and unsignalized in te r sec t ions .  

2. D e v e l o p  r e l a t i o n s h i p s  b e t w e e n  o p e r a t i o n a l  and  g e o m e t r i c a l  

c h a r a c t e r i s t i c s ,  out l ined i n  phase 1. and t r a f f i c  accident  s. These 

r e l a t i o n s h i p s  shou ld  a t  l e a s t  address accident types and accident 

sever i ty .  The purpose of developing t h e s e  r e l a t i o n s h i p s  i s  t o  be 

a b l e  t o  e s t i m a t e  a c c i d e n t  number o r  a c c i d e n t  r a t e  f o r  a g iven  

t r a f f i c  volume and control  type. 

3. Develop a u t i l i t y  f u n c t i o n  t h a t  combinee a l l  MOE's of phase 1 and 

accidents. The index estimated from t h e  f u n c t i o n  can  be based on 

economic measures  ( annua l  c o s t )  o r  i t  can be a weighted fac to r .  

Regardlees of the  u n i t s  of t h i s  index. t h e  f i n a l  s t o p  would be  t o  

develop warrants  f o r  s igna l  i n s t a l l a t i o n  t h a t  minimize t h e  developed 

index. 

Duration 6 Cost: 

Phase 1: 15 months f o r  $90,000 

Phase 2: 9 months f o r  $60,000 

Implementation: 

Refinements of p resen t s  t r a f f i c  s igna l  warrants o f f e r  t h e  opportunity f o r  

minimizing delay and f u e l  consumption and a u t i l i t y  function a s  j u s t i f  i c a t i o n  

f o r  i n s t a l l a t i o n  or m o d i f i c a t i o n .  Computer c a p a b i l i t i e s  o f f e r  almost  

u n l i m i t e d  m e t h o d o l o g y  f o r  a n a l y e i s  of  e a c h  p r o p o s e d  t r a f f i c  s i g n a l  

i n s t a l l a t i o n .  

Problem No. 2 

T i t l e :  - 
Accident Reductions Using Signal  Coordination on A r t e r i a l  S t ree t s .  

Problear: 

Signal coordination has been known t o  p r o v i d e  a b e t t e r  t r a f f i c  f l w  on 

a r t e r i a l  s t r e e t s .  B e n e f i t s  accrued from slroother t r a f f i c  mweaents a r e  l e e s  

d e l a y s .  l e s s  f u e l  consumpt ion and emiss ion ,  and p o s s i b l e  improvement i n  

t r a f f i c  s a f e t y .  Very l i m i t e d  r e s e a r c h  h a s  been conducted i n  the  U. S. t o  

support t h i s  hypotheria,  and a s tudy is needed t o  tes t  t h i s  h y p o t h e s i s  and 

q u a n t i f y .  i f  p o s s i b l e ,  t h e  r e d u c t i o n  i n  a c c i d e n t  r a t e r  doe t o  s i g n a l  

coordination. 



Objective: 

The main o b j e c t i v e  of t h i s  e tudy i s  t o  s tudy  t h e  p o s e i b l e  e f f e c t  of 

eignal coordination on accident e t a t i s t i c e  and accident pat terns .  

Re1 a ted Work: 

Two s tud ies  conducted outs ide  the  U.S .  t h a t  addreesed t h i e  top ic  and they 

were reviewed i n  the  l i t e r a t u r e  research sec t ion  of t h i e  report .  

Work Plan: 

The following tasks a r e  proposed f o r  t h i s  etudy: 

1. Before  and a f t e r  s tud ies  a r e  proposed t o  conduct t h i s  research. A t  

l e a s t  f o u r  a r t e r i a l s  w i t h  d i f f e r e n t  g e o m e t r i c  and  o p e r a t i o n  

c h a r a c t e r i e t i c s  need t o  be se lec ted .  There s i t e r  should meet the  

following requirements: 

a) No major changes i n  l and  u s e  a l o n g  t h e  a r t e r i a l  dur ing t h e  

study period. 

b) No a l t e r a t i o n s  of e t r e e t  ( o t h e r  t h e n  r e g u l a r  maintenance)  

during study period. 

C) Romogenoua cross  section6 of t h e  a r t e r i a l .  

2. Collect  accident  d a t a  from t h e  s e l e c t e d  s i t e s  d u r i n g  t h e  b e f o r e  

p e r i o d  ( b e f o r e  e i g n a l  c o o r d i n a t i o n )  a s  weLl a s  dur ing  t h e  a f t e r  

period. The minimum duration f o r  t h e  before and t h e  a f t e r  p e r i o d s  

should be m o  years. 

3. Conduct s t a t i s t i c a l  analyeis  ( regress ion a n a l y s i s ,  and /or  a n a l y s i s  

of variance) t o  t e s t  the  hypothesis t h a t  s ignal  coordination reduces 

t r a f f i c  accidents. 

Duration & Cost: 

1 2  months f o r  $80.000. 

Implamintation: 

The s t a t i s t i c a l  re la t ionahips  deweloped w ill p r w  i d e  t r a f f i c  e n g i n e e r e  

with a b e t t e r  understanding of the  eafety aepect on a r t e r i a l s .  Guidelines f o r  

a r t e r i a l  e t r e e t  coordination m . y  be daveloped t o  maximize safe ty .  

Problem No. 3 

T i t l e :  - 
An Analyeis of 

Problem: 

A l a r g e  n u b e  

T r a f f i c  Accidents f o r  Di f fe ren t  

r of s i g n a l i z e d  i n t e r s e c t i o n 8  

Signal Control 

a r e  t i n e d  and 

'&Pea 9 

t r e a t e d  u 

i s o l a t e d  i n r t r a a c t i o a r  i n  t h i r  country. Signalized i s o l a t e d  i n t e r s e c t i o n s  may 



h a v e  any of t h e  known t y p e  of c o n t r o l l e r s  (p re t imed ,  a c t u a t e d ,  demand 

responeive, and green u t e n e i o n  system). It i s  not y e t  c l e a r  a s  t o  how t h e s e  

c o n t r o l l e r s  a f f e c t  t r a f f i c  sa fe ty  at  in tersect ions .  

Objective: 

The o b j e c t i v e  of t h i s  s tudy  i s  t h e  e f f i c i e n c y  of d i f f e r e n t  types of 

s ignal  con t ro l l e r s  i n  terme of t r a f f i c  aafety.  

Re1 a ted Work: 

To the  bes t  of our kna ledge ,  no s t u d y  has  addressed  t h i s  i seue .  The 

N a t i o n a l  Cooperative of Highway Research Progrrn. repor t  nmber  233, p r w i d e s  

some guidelines f o r  s e l e c t i n g  a t r a f f i c  control  f o r  an i s o l a t e d  i n t e r s e c t i o n .  

The s e l e c t i o n  p rocees  was aimed a t  t r a f f i c  d e l a y  and h a r d v a r e  c o s t  and 

r e l i a b i l i t y ,  and the sa fe ty  aepect was not addreseed i n  d e t a i l .  

Work Plan: 

A l a rge  data c o l l e c t i o n  e f f o r t  coupled w i t h  s t a t i s t i c a l  a n a l y s e s  a r e  

needed t o  euccessfully ca r rg  out  t h i s  study. Some basic  tasks  a r e  outl ined: 

11 Design a  s t a t i s t i c a l  experiment f o r  a c c i d e n t  d a t a  c o l  l e c t i o n .  

Minimum sample s i z e  need t o  be estimated f o r  number of in tersect ione 

per control  t y p e  and number of a c c i d e n t s  c l a e a i f i e d  by type  and 

sever i ty .  

2) Select  a nmber  of i s o l a t e d  i n t e r s e c t i o n s  t h a t  would s a t i s f y  t h e  

maximum number determined i n  t h e  des ign  of experiment and t r y  t o  

have thepp geographically d i s t r ibu ted  aver the  whole s t a t e .  For each 

s i t e ,  t h e  following information needs t o  be co l l ec ted  a t  minimum: 

a) T r a f f i c  voltlne 

b) T r a f f i c  composition 

c) Turning percentages 

dl G e m e t r i c  design dn :a 

e)  Signal con t ro l  typr. and t i a i n g  p~.ane 

f )  Accident nlnnber c'.aseified by type and sewerity 

g) Approach speed 

3. Conduct s t a t i s t i c a l  a n a l y s e s  ( u s i n g  r e g r e s s i o n  a n a l y e i s  and/or  

annlyeis  of var iance)  t o  t e a t  t h e  p o s s i b l e  i r p o c t  t h a t  d i f f e r e n t  

typee of signal c o n t r o l l e r s  b e  on accidents. 

Duration and Cost: 

9 month8 f o r  $60,000. 



Implementation: 

The s t a t i s t i c a l  ana lys i s  r e s u l t s  w i l l  shed l i g h t  on the aafety aspect  of 

s e l e c t i n g  control  types a t  i s o l a t e d  in te r sec t ions .  General gu ide l ines  may be 

developed t o  a s s i s t  t r a f f i c  engineers wi th  t h e i r  dacision. The MTCD has  some 

general guidel ines  with r e g a r d  t o  t h i s  i s s u e .  and t h i e  s tudy cou ld  r e f i n e  

these  guidelines. 

Problem No. 4 

T i t l e :  - 
Pedestrian Signals: Warrants and Effectiveness 

Problem: 

Although the  l i t e r a t u r e  i s  f u l l  of s tud ies  r e l a t e d  t o  pedest r ian  s a f e t y .  

on ly  few of t h e s e  addressed pedestrian s igna l s  i n  pa r t i cu la r .  The inclus ion 

of a pedestrian i n  a s igna l  cycle  would c e r t a i n l y  increase  vehicular  delay and 

v e h i c l e  o p e r a t i n g  c o s t s .  I t  i s  n o t  w e l l  documented through how much 

pedestrian safe ty  is gained by adding t h e  pedest r ian  phase. 

Obi ect ive:  

The o b j e c t i v e  of t h i s  s t u d y  is t o  i n v e s t i g a t e  t h e  e f f e c t i v e n e s s  of 

pedestrian accidents  and t h e  warrants f o r  pedest r ian  phase schemes. 

Related Work: 

The l i t e r a t u r e  review sec t ion  of t h i e  r syor t  contains information about 

previous e f f o r t  r e l a t e d  t o  this topic.  The NTCD ou t l ines  the  s i g n a l  w a r r a n t  

based on pedest r ian  flows i n  general  terms. 

Work Plan: 

The proposed t asks  are: 

1)  Deeign a e t a t i u t i c a l  exper iment  f o r  p e d e s t r i a n  a c c i d e n t  d a t a  

c o l l e c t i o n .  Minimum sample sizes f o r  amber of intersection. and 

number of accident can be estimated. 

2 )  S e l e c t  t h e  s i t e .  needed f o r  d a t a  c o l l e c t i o n .  and f o r  each s i t e  

gather  t h e  f o l l a i n g  information: 

a )  Vehicular and peder t r ian  volumes 

b) T r a f f i c  composition 

C) Turning percentage8 

d l  Geometric design dm8 

e )  Signal timing parc re te r s  

f )  Approach veh icu la r  o p e d  



3 )  Conduct s t a t i s t i c a l  a n a l y s e s  t o  c o r r e l a t e  pedes t r i an  acc iden t s  t o  

pedes t r i an  s i g n a l s  and o t h e r  r e l evan t  parameters. 

4. Ueing computer s imulat ion,  veh icu la r  delay and ertra u s e r  c o s t s  a r e  

es t imated  due t o  in t roducing  a pedes t r i an  s i g n a l  phase i n  a cycle.  

5. P e d e s t r i a n  s i g n a l  p h a e e  w a r r a n t s  a r e  developed us ing  t h e  acc ident  

information developed i n  t a sk  3 and t h e  o t h e r  MOE's assessed  i n  task  

4. 

Durat ion and Cost: 

12 months f o r  $80.000 

Implementation: 

R e f i n e m e n t  of p r e s e n t  t r a f f i c  s i g n a l  w a r r a n t s  w i l l  p r o v i d e  t r a f  f i c  

eng inee r s  w i t h  b e t t e r  g u i d e l i n e s  based on acc ident  data.  Better understanding 

of t h e  needs of pedes t r i an  phasing w i l l  be p rwided .  
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